Abstract In most hemifacial spasm cases, the spasm initiates from the orbicularis occuli muscle and gradually spreads downwards to the orbicularis oris and buccinator muscles. Seldomly, the spasm might start from the orbicularis oris and buccinator muscles and develop upwards, which has been called as atypical hemifacial spasm (aHFS). Until now, little is known about its pathogenesis and the efficacy of microvascular decompression (MVD) surgery. We reviewed 1935 HFS cases undergoing MVD between 2007 through 2016. Among them, 15 were diagnosed as aHFS, whom were focused on. Their intraoperative findings and postoperative outcomes were compared with those typical hemifacial spasm (tHFS) cases. In the aHFS group, the conflict site was found in the root exit zone (REZ) in 12 (rostral 9, dorsal 2, and ventral 1) and in the cisternal segment in 3. In the tHFS group, the conflict site was found in the REZ in 1812 (rostral 6, caudal 1734, dorsal 12, and ventral 60) and in the cisternal segment in 108. The rostral REZ seemed to be the most frequent neurovascular conflict site in aHFS compared to the caudal REZ in tHFS (p < 0.05). Postoperatively, the effective rate of MVD was 93.3% in the aHSF group, while 96.3% in the tHSF group (p > 0.05). It was demonstrated that MVD may also lead to a satisfactory outcome for aHFS. Although the caudal REZ of the facial nerve is a frequent conflict site for most of the hemifacial spasm cases, the rostral side or cisternal segment of the facial nerve root should not be ignored while searching for the offending artery.
Introduction
Hemifacial spasm (HFS), a syndrome of unilateral facial nerve hyperactive dysfunction, is a benign, chronic, and involuntary movement of hemifacial muscles. Generally, the spasm starts from the orbicularis occuli muscle and gradually progresses downwards to involve the orbicularis oris muscle, buccinator muscle, and/or platysma [4, 10, 15] . Seldomly, the spasm may initiate from the orbicularis oris and buccinator muscles, and gradually spread upwards to involve the orbicularis occuli muscle. For the latter, it has been regarded as atypical hemifacial spasm (aHFS) [2, 6, 12, 13] .
The aHFS was firstly regarded by Barker et al. in 1995 [1] . Until now, only 70 cases of aHFS have been reported before and it accounted for 1.3-8% of HFS according to the literatures [2, 6, 13] . Compared to typical hemifacial spasm (tHFS), the incidence of aHFS is much lower. To understand aHFS well, we need to carry out a systematic review with a bigger sample. At the present study, we reviewed 1935 HFS cases undergoing microvascular decompression (MVD) and compared the intraoperative findings and postoperative outcomes between the tHFS and aHFS cases. Through analysis of the offending vessels and conflict site, we discussed the pathophysiology of aHFS and the treatment efficiency of MVD.
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Materials and methods

Patients
Between January 2007 and December 2016, 1935 HFS patients were treated with MVD in XinHua Hospital, Shanghai JiaoTong University School of Medicine, by the senior author (Zhong) . All the patients were medicated with antiepileptic drugs (tegretol, oxcarbazepine, etc.) or treated with Botox preoperatively. Among them, 15 (0.8%) were diagnosed as aHFS including 7 males and 8 females with a mean age of 47.7 ± 7.4 years old. The mean duration of symptom was 47.3 ± 26.6 months. The right side was affected in 6 and the left in 9. The follow-up period was 5.2 ± 1.5 years. The other 1920 patients were diagnosed as tHFS including 887 males and 1033 females with age of 50.5 ± 12.8 years old. The history of symptom was 52.3 ± 37.1 months. The right side was affected in 920 and the left in 1000 patients. They were followed up in 5.5 ± 1.3 years.
Surgery
The MVD was performed using a routine retrosigmoid approach [15] . The intracranial dissection was started from the caudal cranial nerves. While the arachnoid membrane between the VII-VIII and the caudal cranial nerves was being opened, the cerebellum as well as the flocculus was gradually raised until the pontomedullary sulcus was visualized. The whole VII-VIII nerves from the brainstem to the internal meatus were checked. Tracing the offending vessel was began from the caudal REZ, and then moved to the ventral, dorsal, rostral, and the cisternal segments eventually. The vascular relationship was carefully studied to identify the vessel in contact with the VII nerve in those zones. After the offending vessel was moved away from the nerve, small pieces of shredded Teflon sponge were gently placed between the vessel and the nerve/brainstem. After thorough irrigation, the dura mater was closed. A duragen was placed over the suture line. A cranioplasty of titanium wire mesh was completed. The incision was closed without drainage [19, [21] [22] [23] .
Intraoperative monitoring
During the surgery, the abnormal muscle response (AMR) wave was measured using the mentalis muscle following electrical stimulation of the temporal branch of the facial nerve, or measured using the orbicularis oculi muscles following stimulation of the marginal mandibular branch, using an evoked potential system (Medtronic Keypoint 4, Dantec, Denmark) [11] . Once the dura was opened, the AMR was recorded continuously until the end of the operation. The total disappearance of AMR wave or apparent decrease in amplitude was an indication of a successful vascular decompression of the suffered facial nerve [18] .
Division of the intracranial facial nerve
To precisely define the conflict site, the entire intracranial portion of the facial nerve root was classified as the root exit zone (REZ) and the cisternal segments [20] . Based on the main part of vascular compression, the conflict site was defined as rostral, caudal, dorsal, and ventral sides of the nerve.
Outcome assessment
An assessment of the postoperative results was performed when the patient was discharged and at the latest follow-up for all the patients. For simplification, the outcome was classified as effective (symptom disappeared totally or relieved to the degree that the patient was satisfactory and no medication was needed) and ineffective (symptom remained without any improvement).
Statistical analysis
The study included the following variables: age, sex, symptom duration, affected side, offending vessel, conflict site, and outcomes. Those measurement data were expressed as mean ± SD, and those enumeration data were expressed as percentage. Data were compared between tHFS and aHFS groups. Differences between the groups were statistically analyzed using the t test or the χ 2 test depending on different variables with SAS 8.0 Software. The p value less than 0.05 was considered statistically significant.
Results
Demography of patients
There was no significant difference in aspects of sex, age, symptom duration, and affected side between tHFS and aHFS groups (Table 1) .
Intraoperative findings
Conflict site
In the aHFS group, the conflict site was found in the REZ in 12 and in the cisterna in 3. In the REZ segment, the offending artery compressed the facial nerve rostrally in 9 (60%) (Fig. 1) , dorsally in 2 (13.3%), and ventrally in 1 (6.7%). In the cisternal segment, the offending artery compressed the nerve rostrally in 1 (6.7%), dorsally in 1 (6.7%), and ventrally in 1 (6.7%).
In the tHFS group, the conflict site was found in the REZ in 1812 and in the cisterna in 108. In the REZ segment, the offending artery compressed the facial nerve rostrally in 6 (0.31%), caudally in 1734 (90.3%) (Fig. 2) , dorsally in 12 (0.63%), and ventrally in 60 (3.1%). In the cisternal segment, the offending artery compressed the nerve rostrally in 18 (6.7%), caudally in 30 (1.6%), dorsally in 36 (1.9%), and ventrally in 24 (1.3%).
The rostral REZ seemed to be the most frequent site where the facial nerve was compressed in aHFS compared to the caudal REZ in tHFS (p < 0.05) ( Table 2) .
Offending artery
In the aHFS group, the culprit was the anterior inferior cerebellar artery (AICA) in 11 (73.3%), posterior inferior cerebellar artery (PICA) in3 (20%), and the vertebral artery (VA) in 1 (6.7%).
In the tHFS group, the culprit was AICA in 809 (42.1%), PICA in 983 (51.2%), and VA in 128 (6.7%).
The AICA seemed to be predominant in the aHFS group as the offending artery (p < 0.05) ( Table 3) .
Postoperative outcomes
In the aHSF group, the postoperative outcome was effective in 14 (93.3%) and ineffective in 1 (6.7%) when the patients were discharged and at the last follow-up period.
In the tHSF group, the postoperative outcome was effective in 1849 (96.3%) and ineffective in 71 (3.7%) when the patients were discharged, while 1852 (96.5%) and 68 (3.5%) at the last follow-up period, respectively.
The postoperative outcome appeared similar in both groups (p > 0.05). Fig. 1 Intraoperative photograph of a right aHFS case. In this case, the vestibulecochlear nerve (VIII) was not so close to the facial nerve (VII) as usual in the root exit zone (REZ). In this zone, the rostral portion of VII (asterisk) was compressed by the anterior inferior cerebellar artery (AICA) 
Discussion
Our study demonstrated that the conflict site was inclined to be at the rostral REZ of the facial nerve root in most of the aHFS cases. This is quite different with tHFS cases, in which the caudal REZ is much more frequent. We believe it could be attributable to the anatomical feature of the facial nerve root. According to Hofmann's work, in the REZ where the facial nerve arises from the brainstem, the fibers of the temporofacial branch are located in the ventrolateral part, and those of the cervicofacial branch in the dorsomedial part [2, 3] . This successfully explained why the symptom began from the orbicularis oris and buccinator muscles and gradually spread upward to orbicularis occuli muscle in aHFS instead of starting from the orbicularis occuli muscle in tHFS cases. Our previous studies concerning the pathogenesis of HFS have concluded that both of the vascular compression and demyelination are necessary to generate the disease [17, 23, 24] . According to researches of cadaver anatomy, it was very common that the AICA crosses between the 7th and 8th cranial nerves laterally in the cisternal segments, but those persons had not suffered from HFS during their lifetime [7] [8] [9] . With protection of Schwan's cells, the cisternal portion of the nerve was more tolerable to compression. As the structure of the REZ segment is lacking myelin and consisting of parallel traveling nerve fibers, it is more susceptible to be damaged (demyelinated) by a pulsated artery. As the most part of the rostral REZ of the 7th nerve is covered by the 8th nerve as well as the pons rostrally, the caudal REZ has more chance to be attached by surrounding arteries. This explained why the most patients present as tHFS. However, as the compression sites in the cisternal segment were considered, our result did not show a significant difference between tHFS and aHFS. This phenonium could be explained by Kempe's investigation. With stimulation of the facial nerve on patients who underwent surgery for glomus jugular tumor, it was found that the fascicles in the superior and lateral portions at the REZ moved to the inferolateral portion at the end of the internal meatus, while the inferolateral fascicles shifted superolaterally [5] . This finding implied that the facial nerve root seems to be rotated along its course towards the meatus laterally. Accordingly, in the cisternal segment, the neurovascular conflict could occur anywhere-thought the chance was very little compared with that in the REZ [14] . Therefore, for those aHFS cases, the entire intracranial course of the facial nerve should be exposed intraoperatively and AMR monitoring could be a useful tool to detect the exact offending artery [16] .
Conclusions
Our study showed that, similar to tHFS cases, MVD may also lead to a satisfactory outcome for aHFS. Although the caudal REZ of facial nerve is a frequent conflict site for most of the hemifacial spasm cases, the rostral side or cisternal segment of the facial nerve root should not be ignored while searching for the offending artery. Funding This work was supported by China's government under a grant of the National Natural Science Foundation (No. 81471317). The sponsor had no role in the design or conduct of this research.
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